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I EVALUATION DEMOLITION METHODS FOR BULILDING 881 

1. Introduction 
This evaluation appraises the potentid methods for the demolition of Building 88 1 at the Rocky 
Flats Environmental Technology Site (WETS). The approaches to the Building 88 1 demolition 
were evaluated based on input from demolition subcontractors. The demolition subcontractors 
were asked to evaluate Building 881 and propose the safest and most efficient means for 
demolition, The methods evaluated include mechanical demolition to include excavators with 
attachments and demolition using explosives. It should be noted that all of contractors 
recommended demolition with explosives due to the size and construction of Building 881 

The mechanical means of demolition evaluated for Building $81 was excavator with 
attachments. The wrecking ball method of demolition was not evaluated becausc the method is 
difficult to control from a health and safety and dust perspective. Cabling was not evaluated 
because this method would not work on a structure of this size and construction. Non-explosive 
cracking agent was not evduated because it is generally used on horizontal surFaces and small 
areas. Diamond wire cutting,was not evaluated because it is would involve extensive hoisting 
and rigging. 

2. Evaluation Scope 
The evaluation only includes demolition activities for Building 881, Activities before and after 
demolition are the same regardless of the demolition method. The purpose of the evaluation is to 
determine which of the methods are viable for demolition of the Building 88 1, The evaluations 
developed by the individual subject matter experts are subjective and based on their years of 
experience. While inany methods were considered, only a few were evaluated completely. For 
example, use of a wrecking ball was considered but not evaluated based on the inherent safety 
concerns, increased fugitive emissions, and increased amount of runoff generation due to dust 
suppression efforts, The: methods evaluated are viable means for demolition of the structure, but 
certain aspects of each method may be preferable over the other mcthods. This evaluation was 
not used to determine the demolition method for the subject structure; the evaluation documents 
the process of the determination on the demolition method. 

2.1. Building 881 
Building 88 1 is a rectangular, concrete three-story structure encompassing approximately 
245,160 square feet. It has 17,870 square feet in the basement, 86,300 square feet on the first 
floor, 6,000 square feet on the first floor mezZanine, 121,460 square feet on the second floor, and 
13,530 square feet on the second floor meaanine. Additionally, there are two rooftop structures, 
supply and exhaust filter plenums, 3,600 and 9,470 square feet, respectively. Four additions 
have bean built since the original construction in 1952: 

1956, a two story Annex, 31,600 square feet including supply and exhaust ventilation md 
a stack added to the nozthwest corner tu provide additional machining capability. 
Additionally, several radiography vaults werc added in the northeast corner of the 
smcture 
1969, the pressure test facility was added on the east side 
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1986, the new two-stage, HEPA exhaust filter building was built on the roof of the 
existing structure, and an exhaust chase was added to the east side to bypass the original 
single-stage exhaust filters 

Building 881 is a large multi-story building conshcted of cast concrete walls, columns, and 
ceilings erected on spread footings with reinforced concrete beams. The main €ooundations of the 
building are individual spread footings of concrete for the interior columns and continuous 
footings of  concrete for the exterior walls. The spread footings have a maximum size o f  I l-feet- 
square by 2-1/2-feet-thick, and the minimum size of 4-feet-square by I -foot thick, The structure 
is reinforced concrete columns and cast concrete walls and floors. The continuous footings vary 
from 10- to 164nches thick. The building is partially built into the hillside, with the &of being 
approximately the same elevation as the grade of the northwest corner. The structure is designed 
to withstand forces considerably above normal static loading based on defense mission design 
requirements. 

The north and west walls o f  the building are built into the hillside desccnding to three feet below 
the floor level at the south dock. There are two loading docks on the east side, also built into the 
hillside and a number of retaining walls. The roof is covered with rigid insulation material and 
membrane roofing. 

3. Evaluation Summary 
Table 1 contains the demolition method evaluation for the Building 88 1 with explosives versus 
mechmicd means, The following sections summarize the results of the evaluation of demolition 
techniques for Building 881, In addition, each section indicates thc preferred method for 
demolition with respect to the criteria. This evaluation documents why explosives were chosen 
8s the demolition method for Building 881. 

3.1. Health and Safety Evaluation 
A safety professional developed the activities, hazards, and controls associated with each method 
of demolition, and using that information, determihed the positive and negative aspects of each 
method from a health and safely perspective. From a health and safety perspective, all of the 
hazards can be controlled thereby reducing the risk, which is why the methods are evaluated 
without the controls. The dcinolition method using explosives has a significantly shorter 
duration, statistically lowering the potential for incidents, and that is why that method is 
preferred. 

3.2. Environmental 
An environmental subject matter expeit outlined the potential impacts associated with each 
method of demolition, and using that information, determined the positive and negative aspects 
of each method from an environmental perspective. In general, the demolition method involving 
expIosives had more positive/acceptable impacts than mechanical demolition. The categories 
that differentiated die methods were soils and geology, air quality, water quality, human health 
and safety, and noise. The primary reason the methods involving explosives had more 
positivdmxeptable impacts was prirnady due to the decreased duration of project activities. 
Neither method has significant environmental impacts. 
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3.3. Structural 
An engineer evaluaied the effectiveness of each method of demolition, and using that 
information, determined the positive and negative aspects of the effectiveness of the each 
method, The structural evduation indicates that all of the demolition methods evaluated are 
viable demolition techniques. The explosive method evaluated better than the other method 
because it did not require accounting for the soil load. Overall, the explosivc demolition method 
is the most efficient. 

3.4. Economic _ .  I 

The economic evaluation was based on estimates providcd by demolition subcontractars. The 
cost and duration for mechanical demolition are presented as ranges because there are unknown 
associated with the soil removal and accounting for multiple handling of the debris. The cost of 
bacWilling after demolition were not included due to those costs being required and necessary 
regardless of method used. The economic evaluation indicates that explosive demolition is the 
most cost-effective method. 

1 
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Documentation to Support Building 881 RSOP notification 

1. Building 881 Demolition Strategy 
This strategy is a narrative to support the RSOP notification for Facility Disposition and Concrete 
Recycling for the 881 Project and addresses the demolition preparation, demolition, and backfill 
nf the area to the Final Land Configuration. This strategy also indicates how the requirements of 
the RSOP for Recycling Concrete will be met. In general, the building will be dispositioned as 
follows: 

In-process surveys will be conducted, and the area will be designated a plutonium or 
uranium area. 
Components will be removed and areas decontaminated, as necessary. 
The area will be prepared for demolition (expose rebar, drilIing, and wall removal), as 
necessary. 
Final surveys will be performed. 
Areas will be backfilled as necessary to minimize voids. 
The floor severance and column rebar will be cut 
The building will be demolished using explosives. 
The demolished material will be proof-rolled. 
A choking layer of gravel will be placed on the demolished debris. 
Rccycled concrete $ill be placed to within 3 feot of thc final grade. 
Soil will be placed on the last 3 feet of the final grade and reseeded. 

1.1 Building H W t y  
Building 88 1 is a rectnngular, concrete rnulti-story structure encompassing approximately 
245,160 square feet. It has 17,870 square feet in the basement, 86,300 square feet on the first 
floor, 6,000 square feet on the first floor mezzanine, 12 1,460 square feet on the second floor, and 
13,530 square fcct on the second floor mezzanine. Additionally, them are two rooftop structures, 
supply and exhaust filter plenums, 3,600 and 9,470 square feet, respectively. Four additions bave 
been built since the original construction in 1952: 

1956, a two story Annex, 3 1,600 square feet including supply and exhaust ventilation and 
a stack added to+the northwest corner to provide additional machining capability. 
Additionally, several radiography vaults were added in the northeast corner of the 
structure 
1969, the pressure test facility was added on the east side 
1986, the new two-stage, HEPA exhaust filter building was built on the roof of  the 
existing structure, and an exhaust chase was added to the east side to bypass the original 
singlsstage exhaust filters 

e 

e 

Associated facilities within the 88 1 Complex addressed by this strategy include: 
Building 887, Sewage and Process Waste Lift Station is located south and down-gradient 
of the Bidding 881, and was a part of the original 881 Complex construction in 1952.. 
The reinforced concrete structure has a large below-grade vault containing 7 process 
waste collection tanks, and was approximately doubled to its current size of 1,555 square 
feet in 1955. 
The 881 Tunnel is an underground reinforced concrete passageway to Building 883 that 
was added as part of the Annex construction in 1956. 

Building 881 was designad to house all Site enriched uranium weapons operations. Original 
operations included the uranium oxidation, fluorination, reduction, casting, machining, and pit 
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Documentation to Support Building 88 1 RSOP notification 

assembly. Support operations included waste recovery, analytical and standards laboratories, 
radiography, stainless-steel component and maintenancc machining, and laundry. 

In the 19709 and 1980s, Building 881 was reconfigured from a prduction facility into a building 
housing Site support operations as the demand for uranium components declined. AI1 uranium 
operations and most of the laboratories were stripped out in 1967, and new labaratories, the 
central computer facility, and a number of offiic~ and research and development activities were 
added. Stainless steel component machining was finally relocated to Building 460 in 1985. 

1.2 Building Structure 
Building 881 is a large multi-story building constructed of cast concrete walls, columns, and 
ceilings erected on spread footings with reinforced concrete beams. The main foundati&& of the 
building are individual spread footings of concrete for the interior columns and continuous 
footings of concrete for the exterior walls. lhe spread footings have a maximum size of 1 I-feet- 
square by 2-1/2-fet-thick, and the minimum s i q  of 4-feet-square by I-foot thick. The structura 
is reinforced concrete columns and cast concrete walls and floors. The continuous footings vary 
from 10- to i6-inches thick. The building contains a partial basement consisting of internal 
tunnels. The building is partially built into the hillside, with the roof being approximately the 
same elevation as the grade ofthe northwest corner. The structure is designed to withstand forces 
considerably above normal stiific loading bascd on defense mission design requirements. 

”he north and west walls of the building are built into the hillside descending to three feet below 
the floor level at the south dock, There are two loading docks on the east side, also built into the 
billside and a number of retaining walls. The roof is covered with rigid insulation material and 
membrane roofing. 

1.3 Regulatory Approach 
The type I1 facilities (Buildings 881, MlF, and 887) will be demolished and backfilled in 
accordance with the RSOPs for Facility Disposition and Concrete Recycling. The 
characterization and final survey will be conducted in accordance with the BSS 1 project-spccific 
In-Process Radiological CQaracterization Plan and the Site-Wide Pre-Demolition Survey Plan. 
The backfill specification is consistent with the RSOP with two exceptions. The RSOP indicates 
that in general, the resulting backfill will contain fragments ranging in size fiom 6 inches to less 
than 0.1 inches. Thc RSOP allows some flexibility, and the backfill specification has been 
written to allow concrete up to 12 inches in size with some larger fragments if special placement 
methods are used. 

The RSOP also indicates that backfill placement and compaction rncthods will result in a soil 
compaction of 80% +I- 10% and that the backfill will begeotechnically tested prior to and during 
backfill operations. Determination of the relative compaction (percent cornpaction) of soil is 
performed in three steps: 

1. The maximum dry density achievable an a sample of the soil is determined in a 
laboratory setting using predefined procedures, such as ASTM D 698 (“Standard” Proctor 
density) or ASTM D 1557 (“Modified”Proctor density). 

2. The dry density of the fill as placed in the fill is determined using a standard field test 
such as ASTM D 2922 (nuclear method) or ASTM D 1556 (sand-cone method). 

3. The field dry density is divided by the laboratory maximum dry density. The result is the 
relative cornpaction (percent compaction). 
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Documentation to Support Building 881 RSOP notification 

These methods have been developed for compaction measurement for fine- to medh-grained 
natural soils (clay, silt, sand, and gravel) with sufficient plastic fines to provide at least a small 
degree of cohesion. The laboratory methods (D 698 and D 1557) are specifically limited to 
materials with 30% or less (by weight) retained on the %-inch sieve. Since the concrete debris 
contains particles up to a foot in size, a labomtory maximum dry density cannot be determined. 
Therefore, a relative compaction cannot bc determined. 

On the other hand, except for highly plastic clays (wherc largc clods and clay balls form large 
voids), it is dificult to obtain relative compaction of less than 80% of standard proctor density, 
even with material siriiply dumped from a truck or scraper. This is especially true for granular 
materials without plastic fines. 

Granular fill is commonly used for utility trenches auld pipelines, where mechanical compaction is 
difficult but firm support (ix., limited settlement) is desircd, bccause it is relatively dense when 
initially dumped into place. Vibratory compaction can be applied to fuWherdensify the material 
if desired. Method specifications using vibratory rollers are commonly used for compaction of 
granular materials such as rock f i l l  dams where settlement needs to be limited. 

Because the sources of fill ariticipated for use during backfilling at Buildings 881 wilt be 
comprised of  unclassified granular soils layered with recycled concrete material, obtaining 
meaningful and rtproducibk measurements o f  dative compaction is impractical. Taking into 
consideration that the future land use for these areas is undeveloped open space, a method 
specification that defines the standard placement procedures is more suited to provide a relatively 
uniform fi l l  free of detrimental voids. As a result, a method specification is appropriate with this 
kind of backfill material, and a method specification will be utilized to ensure compaction. 

2. In-Process and Pre-Demolition Survey 
Sinw Building 881 has had both plutonium and uranium processing within the building in the 
past, a project-specific In-process Radiological Characterization Plan was prepared. To direct the 
decontamination activities, it is necessary to know which areas have transuranic contamination 
and which areas have only uranium contamination, Since some areas are known to have 
transuranic contamination above the 100 dpd100 em2 action limit, a sampling approach was 
developed to identify the extent of the transuranic contamination. This approach uses knowledge 
of the building history along with previously collected samples to characterize survey units as 
transuranic or uranium only. 
The building history was discussed with site employees that were aware of the processes 
performed in the building. Maps were generated that displayed the areas of transuranic 
processing at any time in the building's history. Process piping and ventilation were mapped to 
determine if they would also causc further transuranic contamination in othor arcas of the 
building. Survey units within the areas of highest potential for transuranic contamination were 
sampled in a biased manner so that the most likely contaminated locations were selected. Survey 
units with sample reaults above 100 dpm/l00 cm2 are classified BS transuranic contaminated for 
decontamination purposes. 

When the in-process survey process is complete, a map will be gencrated annotating areas 
throughout the building as uranium or plutonium contaminated. This map will be used for 
decontamination and pre-demolition surveys. 

2 .  

3. Preparation for Demolition 
In order to prepare the facility for demolition. all non-load bearing walls will be removed. Once 
the equipment and non-load bearing walls have been removed, and necessary decontamination 

,.- 

I 

i 
I 

' !  

Page 3 of  12 



Documentation to Support Building 88 I RSOP notification 

has h n  completed, the preparation for demolition will be initiated. It is anticipated that a i s  
preparation will be conducted aftcr preliminary pre-demolition surveys havc been completed by 
the building RCTs but before the final pre-demolition surveys is conducted. The preparation will 
consist of roof and exterior wall drilling and interior column drilling and load k i n g  walls 
modifications. Floor and column rebar severance and stair modifications will also be required, 
but it is anticipated that this will be one of final activities prior to initiating demolition. 

i 

The preparation of the building will be conducted under several work control documents. The 
structural modifications will be conducted by the explosive demolition contractor under a work 
control document that includes a work plan, engineering analysis, job hazard analysis, pre- 
evolution briefings, and matrix of the areas to bc modified. The contractor will not initiate any 
modification until the Demolition or Project Manager has signed off on the area: The 
DemolitionProject Manager signature will signify concurrence that the proposed modification is 
consistent with the requirements in the engineering analysis and that the,finaUprelirninq surveys 
are complete. The backfilling prior to demolition will be conducted by Kaiser-Hill under separate 
work control documents. 

3. I Roof and Ederiur Walls 
Vertical holes will be drilled in exterior walls for subsequent explosives placement. Holes will be 
drilled on approximate 3 foot horizontal centers and will be drilled in the exterior walls of the 
building. Holes will be subdrilled 2- to 3-feet beyond the desired removal limit. 

All holes in the roof shall be drilled with a TWO0 self-contained hydraulic track drill with a 
weight of approximately 10,000 pounds. The roof of the structure has been calculated to have the 
capability of adequately supporting the weight of this drill. 

3.2 Drilling of Interior Columns an# Load Bearing Wall Modiifrcations 
All columns and modified load bearing, reinforced concrete walls existing on the 2"d floor 
Mezzanine, 2"d floor, 1" floor Mezzanine and 1' floor shall be drilled with horizontal 1%-inch to 
2-inch diameter holes for subsequent explosives placement. The number of holes per element 
will depend on the column dimension. Holes shall be drilled with handheld pneumatic jackleg 
drills or the WOO self-contained hydraulic track drill. Floor loading capacities have been 
calculated to be sufficient to support the weight of such equipment. 

1 

In certain m a s  around vaults and hallway walls, there exist continuous poured reinforced 
concrete walls. Prior to dritting operations, these walls will be modified by arching them with 
pneumatic or hydraulic hammers to create columns for subsequent drilling. Pre-removal and 
modification of aforementioned walls have been analyzed by a registered professional engineer, 
and will not adversely effect the structural integrity of the building. 

4. Backfill Prior to Demolition 
Several rooms/areas will be backfilled prior to initiating final demolition activitits. Many of the 
areas will be backfilled to minimize large voids. Backfill will consist of any combination of sand, 
pea gravel, flowable fill andor recycled concrete. At a minimum, the following areas will be 
backfilled prior to demolition activities: 

m The basement, management units M and F, which will require approximately 7,750 cubic 
yards of fill material 
The vaults (Rooms 247, 248, 248A, 249, and 249A), which will require approximately 
1,800 cubic yards of fill material 

I 
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Documentation to Support Building 88 I RSOP notification 
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The electrical pit (Room 286), which will require approximately 360 cubic yards of f i l l  
material 
The concrete stack (Si) base, which will require approximately 500 cubic yards of f i l l  
material 
The entrance to the 883-881 concrete tunnel at the 883 interface, which will =quire 
approximately 3 1 cubic yards of fill material 
The elevator shafis, which will require approximately 6 1 cubic yards of  fill material 
The building drainage systemhmps, which will require approximately 20 cubic yards of 
fill material 
I3887 wastc transfer station, which will require approximately 970 cubic yards of f i l l  
material 

These backfill activities are being conducted prior to demolition because the demolition method 
will not fill these areas adequately and/or,there is the potential to result in an unacceptable 
amount of surface subsidenw. 

An engineering analysis was conducted on several of the areas to determine whether these areas 
could be left with no fill. The engineering analysis contained several very consewativt; 
assumptions and is considered a worst-case evaluation. The areas evaluated include: 

Boiler tunnel and stack foundation (locrrted basement southeast corner columii L-11, 
which can support the final soil overburden without reinforcement and would continue to 
exist without collapse for 1,000 to 2,000 years. 
First floor exhaust stack tunnel and stack foundation (located at the north side colurnn J- 
20 to H-20), which can not support the final soil overburden without reinforcement and 
could continue to exist without collapse for appraximatcly 500 to 1,000 years. 
Second floor exhaust'stack tunnel and stack foundation (located at the northeast column 
K-1 S), which can support the final soil overburden withaut reinforcement and could 
continue to exist without collapse for approximately could continue to exist without 
collapse for approximately 1,000 to 2,000 years. 
Second floor vaults (located northeast column M-17), which &I not support the final soil 
overburden without reinforcement and could continue to exist without collapse for 
approximately 50070 1,000 years. 

* Second floor tunnel from B881 to B883 (located at column A-20), that can support the 
final soil overburden without reinforcement could continue to exist without collapse for 
approximately 1,000 to 2,000 years. 

Although the first floor exhaust stack tunnel and stack foundation cannot support the soil 
overburden, the depth of the hmnal/stack foundation are such that it is unlikely that there would 
be any depression at the surface after collapse. However, in order to backfill over the remaining 
stack and revegetate the ma, some fill needs to be placed in the stack foundation. Fill will be 
placed in the stack with an excavator. The excavator will alternate buckets of processed concrete 
with buckets of soil or pea gravel. Water will be used throughout the activity to control dust and 
facilitate placement. When the fill is within 3 feet of the final grade, the soil around the stack will 
be excavated; the stack foundation will be removed within 3 feet of final grade; and the area 
backfilled with soil. All of the stack foundations will be filled using the same mcthod. 

The vaults and basement will be backfilled with recycled concrete, soil, andor flowable fill, 
Initially, a bobcat andor a conveyor system will k used from within the building to place 
processed concrete and cinderblock walls within the vault area. When the bobcat andor a 
conveyor system has completed all of the fill that can safely be placed, the soil above the vaults 
will be excavated and several holes will be punched into the ceiling with an excavator with a hoe 
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Documentation to Support Building 881 RSOP notification - 

ram. Flowable fill will be pumped into these holes until the arca has been filled. The soil will be 
replaced over the vault areas. 

The boiler, second floor exhaust, and 881-883 tunnels will be left without backfilling. It is 
anticipated that as fill is placed adjacent to these areas, some fill will fall into the opening until a 
wedge is present inside the tunnel, and there will be a solid fill at the intcrfacc of the runnel and 
the building. 

4.1 Filling of the Building SSI-883 Tunnel 
The tunnel systems north (to Building 883) will remain in place. The tunnel will be 
decontaminated to unrestricted release levels and flowable backfill-soil/Portland cemc_nt mix 
suitable of achieving compressive strength of approximately 50 psi will be used to created a plug 
on the 883 side o f  the tunnel. 
The tunnel area will be blocked off into sections, at the doorway, rcsulting in an individual area 
that can be filled completely to the ceiling. Blocking materials may be current doors, properly 
reinforced, if necessary. The intent is to eliminate the potential to enter the 88 1-883 tunnel and 
go toward the backfilled area of Building 881. With the tunnel area effectively sectioned and 
penetration locations identified, the concrete roof of the tunnel will be exposed by removing 
overlying soil at the locatiqn and punch a hole through the exposed concrete roof. Flowable fill 
material would then be pumpedplaced through the holcs, alternating placement locations to keep 
a uniform lift  o f  material. Once the tunnel section is full, the soil removed to expose the tunnel 
roof would be replaced. 

The other areas to be fillcd within the building will use a combination of the methods describcd 
depending on tlie location to be backfilled and the size of the area. 

5. Stainless Steel Floors and Other Miscellaneous Remnants 
Insignificant quantities of metals and otlicr material will be left in Building 881 during the 
demolition and be included in the demolition backfill. Materials include the following: 

Stainless steel floors, where the stainless steel and concrete underneath the stainless steel 
has been shown tomeet the unrestricted release criteria 
Reinforcing steel in the concrete that is demolished in Building 881 
Embedded metal pans in ceilingMoors that are part of original construction 
Metal edges resulting for component removal activities 
The metal roof over the northwest portion of the 88 1 annex 

Minor amounts of non-friable asbestos mastic remaining on loading-bearing walls and 
ceiling after asbestos removal 

Stainless steel floors were installed in the original construction of Building 881. The current 
decommissioning plan proposes to leave the floors in place during demolition. The floors would 
become part of the dcmolition debris. The stainless steel material will remain approximately 20 
to 30 feet below final grade, 

The floor material is a type 304 austenitic stainless steel, alloyed with chromium (-1 8 wt.%) and 
nickel (-8 wt.%).' This alloy promotes a stable chromium oxide surface layer that protects the 
base material and exhibits exckllent corrosion resistance in industrial and rural atmospheres, 
similar to conditions that would be expected following demolition. Conditions for corrosion (i-e., 

' Stccl products Manual; Stainless and Heat Resisting Stccls, Pp. 18-20, Arncrican Iron and Steel Institute, 1000 16' 
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I Built-up roofing material 
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StrccfN.W., Washington, D.C. 20036, Dtccmbcr, 1974. 
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dissolution) indude exposure .to aqueous solutions containing significant levels of chlorides, 
cxposure to organic films, or galvanic coupling to another metal. Mechanisms for corrosion do 
not exist in this application and service corrosion data suggests that the floors would be 
effectively inert with no impact to the environment for an indefinite period? 

The overall quantity of stainless steel and other remnants of decommissioning activities are de 
minimis when compared with the entire backfilled area. The total quantity of hackfill estimated 
for Building 881 to achieve Final Land Configuration requirements is 108,000 cubic yards of 
material, and the following is an estimate of the anticipated backfill constituents: 

Soil, 72% 
Chaking Iayer/granutar fill, 11% 
Concrete demolished and backfdled in place, 9% 
Concrete (recycled) processed and placed with equipment, 4.6% 
Other steel including reinforcing steel in the concrete demolishid and backfilled in place 
and resulting from embedded items and remnants from component removal, 2% 
Built-up roofing material, 0.008% 
Stainless steel, 0.006% 
Metal Roof, 0.002% 
Mastic, 0.0009% 

: - ' 

-3 

Them is a section of steel roof on the northwest portion of Building 881 that was added during a 
renovation. Removal of the roof presents sevcral issues. First, thc dcmolition contractor has 
requested that the roof he left in place in order to help with dust control during demolition. 
Second, security has requested that the roof be left in place during demolition to assist in control 
and access to the building. From a safety standpoint, the removal of the roof prior to demolition 
and after demolition has significant issues. Removal of the roof prior to demolition is prohibitive 
from a practical standpoint because the roof cannot be accessed with heavy equipment from the 
edge of the building due to its size and weight. In order to remove the roof, it would have to be 
segmented manually and rigged off, which presents numerous safety risks to the workers, 

If the roof were left in place during demolition, removal would mean tracking heavy equipment 
into the pile and dragging the roof segments to the southern opening of the building, After 
demolition, the metal roof will be at least 20 to 30 feet below the existing ground surface and 
there is approximately 400 feet to the southern opening at the further most paint. Removing the 
roof this way would be time consuming and difficult because the rubble will be difficult to 
maneuver over and the pieces will have to be sized to allow removal. In addition, the portions of 
the walls that are harmonically delaminated will have to be pushed into the void created by the 
demolished building, which would require that the metal roof be dug out for access. 

Since there are numerous positive reasons to leave the roof in place during demolition and several 
issues with removing the roof after demolition, it is proposed that the metnl roof be backfilled 
with the building rubble. The overall quantity of metal left in the backfill by the roof in minimal 
and will not have a negative impact. 

On Building 881, there is built up roofing material consisting of asphalt, gravel, vermiculite and 
rubber. This layer ranges from 6 to 10 inches across the top of Building 881; the difference in 
thickness is probably due to repairs throughout the building history. It is proposed that the 
asbestos flashing will be removed from the roof, but the remaining material will not. This is a 

Corrosion and Corrosion Cxlnboi, Herbert H. Uhlic R. Winston Reviq Third Mition, John Wiley and Sons, 1985 

Metals, Ninth Edition, American Society for Mctals, I980 
' Mttals Hmdboolg Volurnc 3, Properties and Selection: Stainless Steels, Tool Materials, and Special Purpose 

- 
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Docmientation to Support Building 88 1 RSOP notification 

very minor amount of material that will not impact the backfill, and tbe removal of this material 
will cause leaks and standing water throughout the building. 

The Building 881 Close-out Report will contain drawings andlorfloorplans of Building 881 and 
the location of the areas backfilled prior to dcmolitivn and tho locations of the stainless steel 
floors and other building remnants, 

6. Demolition 
Initial dernolitioli activities will involve stripping remnant eyuipment, supplied air units, and 
other miscellaneous materials from rooftops that were not removed earlier during 
decontamination. As part of dcmolition site preparation, existjag features associated with Site 
utility systems will be located, marked, and evaluated for isolation purposes. 

Protective barriers or fences will be erected around permanent Site featyes designated to remain 
during demolition. As necessary, run-on and run-off control features will be implemented; 
temporary diversion berms, erosion control silt fencing and interceptor ditches will bc installed; 
and existing drainage culverts and ditches will be cleaned out as required to divert significant 
overland flow away from the demolition site. 

Traffic patterns and specific loading areas for waste management will be established, as will 
temporary stockpile areas for  debris. Work control during demolition will consist of the 
Contractor's Work Plan, a job hazard analysis, a justification for continued operation, a special 
security plan, and a Standing Order. The Standing Order will combine the requirements from all 
of the documents and a chccklist will be developed to identify work process and hold points 
through explosives delivery, loading and detonation. 

. %  - 

6.1 Floor Severance 
Following all other preparation activities in the building, reinforced concrete floor slabs will be 
severed from exterior walls. Floor severance will be made with hydraulic hammers mounted on 
skid steer loaders. Following the floor severance (which will be approximately 4-inches wide), 
selected reinforcing rod in floors and beams will be pre-cut with oxygen acetylene torches. Floor 
loading, reinforced concrete cutting and rebar severance has bccn analyzed by a rekistered 
professional enginmr. 

6.2 Test Shot 
hading and demolition will be conducted over a five (5) day period, On the first day of 
explosive delivery, prior to production loading, a test blast will be conducted on certain interior 
elements of the structure to determine the optimum loading densities for production blasting. The 
exact location of test tilyting shall be determined and an Engineering Survey will be conducted 
to confirm that any test blasting will not adversely effect the structural intcgrily of the building. 

6.3 Loading and Demolitwn 
Production loading will commence on the 1' floor of the structure, then move vertically to the top 
areas of the building, Necessary signage will be posted prior to the commencement of loading 
operations. Charges will be assembled and placed into holes drilled in reinforced concrete 
columns and walls. 

All explosives will be handled and placed by trained professionals. Where holes are located in 
elcvated positions, loading will be performed from a man liR or scissor lift. On the final day prior 
to the implosion, the exterior walls of the stn~ctufe, which are accessed from the roof, shall be 
loaded. 

--- 

i 
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6.4 Protective Measures During Demolition 
‘[he Southern end of Building 88 1 and other exposed exterior walls will be covered wid1 one or 
more layers of geotextile fabric, secured so as to prevent premature displacement prior to the 
detonation sequence. 
Should site conditions dictate a need to protect adjacent exposures, protective cover will be 
placed over sensitive adjacent elements using either hard (plywood) cover or drape (fabric) cover 
depending on iwd. 

6.5 Demolition of Outbuildings 
Building 887 (Sewage and Process Waste Lift Station) housed seven tanks that collectSuilding 
# E l  process waste prior to it being pumped to Building 374 through the process waste system, 
and pumps building sanitary waste to the Sewage Treatment Plant. It w p  constructed of cast-in- 
place reinforced concrete walls and slab roof, with cast concrete pads to support tank and 
equipment. The building layout consists of tank and pump vaults 10-15 feet below grade with an 
access house aboveground on the north end. 

The building will have all systems and equipment removed, and the concrete will be shaved and 
rinsed. If the clean closure standards are met, the demolition approach consists of using a tracked 
excavator with a sheadcrusher attachment to expose the building and vault interior, remove any 
residual items, and reduce to rubble the access house, vault roof, and walls to a depth of greater 
than three feet below grade. The recycle and waste materials will be segregated and 
dispositioned, and the concrete rubble will be staged far use as backfill material. The vault a m  
will be backfilled with appropriate materials to the final grade. 

7 .  Backfill After Demolition 
After the dcrnolition, the rcsuIting depression will be backfilled. Thc material in the building area 
will not be removed after demolition, which is why such cafe will be taken during the demolition 
preparation to minimize voids and the potential for material to hang-up after demolition. If walls 
or floors hang-up after demolition, then heavy equipment will be used to flatten the wall and/or 
floors, and thc fill will be+ proof-rolled according to the engineering spccification prepared for 
Building 881 backfill. The proof-rolling activity will be used to evaluate the success o f  the 
demolition on flattening the demolished fill in place. The evaluation will be visual, and walls that 
have fallen vertically will have to be demolished into a relatively flat pile. Following the proof- 
rolling, a choking layer of gravel will be placed, follow4 by recycled concrete and soil 

In accordance with the RSOP for Recycling concrete, placement requirements for recycled 
concrete were established based on the design requirements for the backfill. The goal of the 
backfill operations will be to create a stable area, consistent with a Wildlife Refuge, with minimal 
long-term maintenance, Based on this goal and the requirements in the RSOP, a backfill 
specification was prepared by a Colorado registered professional engineer. One exception and 
one clarification of the RSOP requirements were made in this project-specific backfill 
specification and are outlined in Section 1.3. 

! 

I 

, !  

1 
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8. Building 881 Groundwater Modeling 

8.1 Building 881 Model Area - Model Details 
Basement slabs and walls associated with Buildings 883 and 881 were included in the Building 
881 area model. Figure 1 shows the integrated flow model area, numerical grid, and boundary 
cells aligned with Wornan Creek to the south. Boundary cells were defined far enough away 
from the 881 and 883 buildings to prevent impacts to these areas. This is reasonable given that 
groundwater levels within the XA typically respond mostly to direct recharge and 
evapotranspiration (If&, 2002) than lateral inflow conditions (i.e., constant head cells along 
boundary). 

Figure 1 Model Boundary and Buildings of Interest - Building 881 Model Area 

hgineering drawings of subsurface basement walls and slabs for Buildings 881 and 883 
reviewed combined with the demolition techniques and final land configuration. Based on the 
regrade topography provided, the entire Buildmg 881 slab remains intact, while portions of the 
basement walls to the south are removed to within 3 feet below the new topographic surface. 
Although Building 883 doesn't extend as deep below grade as Building 881, most of its 
subsurface basement slab and portions of walls remain. 

Weathered bedrock surface and surface regrade topography dominate groundwater flow paths 
within the model mea. Under current conditions, groundwater south of 881 flows southward 
toward Woman Creek because the hillslope south starts here, while north of Building 881 
groundwater flows in a more easterly direction, consistent with the topographic and bedrock 
surface gradient directions , 

Hydrologic conditions for two demolition scenarios were evaluated using the integmted flow 
model for the Building 881 area. The first scenario assumed that all vertical walls for Building 
881 were impermeable, while the second scenario assumed that the north and south walls were 
permeable. There were two reasons for simulating these scenarios. The frst was to evaluate 
whether groundwater levels within and surrounding the 881 Building would be reduced 
significantly by using permeable' walls. The other rtason was to evaluate whether impermeable 
walls reduce potential southern migration of a VOC plum immediately to the west of Building 
883. 

Pagc lOof 12 
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8.2 Building 881 Model Area - Demolition Simulation Results 
Simulated mean and minimum annual groundwater depths below the proposed regrade 
topography for the wet year climate sequences for the impermeable wall scenario axe shown on 
Figure 2. Selected grid cells denote areas predicted by the model where groundwatei- depths are 
less than 1 meter below grade. The simulated depths are calculated for a single 100-year basis 
annual wet climate sequence following two typical climate years (WY2000) to stabilize initial 
saturated and unsaturated zone flow conditions. 

Results indicate that simulated closure groundwater depths surrounding Building 8X 1 are well 
below 1 meter for both cases, but more so for the case using pcrrneablc walls. This reduces the 
potential for slumping and possible exposure of the structure, particularly along the hillslope to 
the south. In both cases, groundwater depths decrease towards the north and eastem mdel areas 
because of thinning unconsolidated material thickness. Simulated groundwatcr depths also 
decrease to less than 1 meter towards Woman Creek in response to the hillslope structure and 
thinning unconsolidated materials near the crcek. Depths do not buildup within and above the 
88 1 slab because its depth below the regrade topography is more than several meters. 

Although groundwater depths decrease upgradient and within Building 881 compared to the 
scenario where the wails are permeable, they remain well below a depth of 1 meter below the 
proposed grade. Groundwater depths immediately north of the remaining Building 883 basement 
structure are also less than- 1 meter, but do not pose a problem with slope stability given the 
relatively flat regrade topography in this area. 

Figure 2. Mean and Minimum Annual Groundwater Depths (m) - Impermeable Wall 
Scenario 

Results of an advectivedispersive transport simulation of a PCE plume signature area located 
west of Building 883 are shown on Figure 3. Results are shown for the impermeable wall 
scenario, which is the selected demolition method. It should also be recognized that maximum 
PCE concentrations are less than currently proposed surface water Preliminary Remediation 
Goals (PRG). -. 

Pagcllof12 
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Documentation to Support Building 881 S O P  notification 

Figure 3, Simulated PCE groundwater distribution after 200 years. 

As a result of the Building 881 area modeling, the Building 881 walls and slab will not bc made 
more permeable to prevent southward migration of VOCs west of Building 883. The subsurface 
structure associated with Building 883 appears to pose no problems with respect to groundwater 
levels, or transport though, the footing drains between Building 883 and 881 be disrupted to 
prevent possible pathways for southward migration of PCE interceppttd near Building 883. 

9, Under Building Contamination Remediation 
There was one designated UBC site associated with Building 881 (MSS 800-2). An under. 
building investigation was conducted in accordance with the Industrial Area Sampling and 
Analysis Plan. The Data Summary Report for IHSS Group 800-2 was approved by the LRA on 
July 16,2003. Approval of the Data Summary Report constituted regulatory agency concurrence 
that the IHSS Group is a No Further Accelerated Action required site. 

Under building sampling is being conducted under Building 887. Building 887 will not be 
backfilled until a no further accelerated action is obtained for this area. 

Attachments to the notification ietter that are referenced or support this strategy: 

0 

B88 1 Tunnels, Stack Eoundations, and Vaults - Structural Analysis for the Prediction of 
Long-term Condition (Attachment V> 
Building 88 1 Slope Stability Analysis WETS (Attachment VT) 
Construction Specification, Section 02220, Fill and Backfill (Attachmmt VII) 
Construction Specification, Section 02225, Special BacM11 (Attachment VIII) 
Evaluation Demolition Methods for Building 881 (Attachment I) 
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Building 881 - RSOP for Facility Disposition Administrative Record File 

I Final Rocky Flats Cleanup Agreement (RFCA) 

0 WETS Decommissioning Program Plan (DPP) 

0 RFCA Standard Operating Protocol for Facility Disposition 

0 Pre-Demolition Survey Reports 

Contact Records pertaining lo facility disposition 

Notification Letters and subsequent CDPHE correspondence, if appropriate 
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Attachment IV 
Level One Project Schedule 
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Attachment V 
B88 1 Tunnel, Stack Foundations, and Vaults - Structural Analysis 

€or Prediction of Long-term Condition 
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CALC - 881 - BS - 00050 

STFtUCTURAL ANALYSIS FOR THE PFUZDICTION OF 
LONG-TERM CONDITION 
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CALCULATION CONTROL NUMBER: CALC - 881 - NA - 000050 - (REV. 0) 

l* 

2. 

3. 

4, 

5. 

lWCP/Authorization Project Number: EEDll200 

Calculation TitIe: 
B881 TUNNELS, STACK FOUNDATlQNS AND VAULTS - STRUCTURAL 
ANALYSIS FOR THE PREDICTION OF LONG-TERM CONDITION 
The site is considering leaving the concrete portions of tunnels, stack foundations and vaults of 
B881 in place and not removing them for the, final site closure. The tunnels and vaults will 
remain intact and not be removed or collapsed during the demolition of  the build@g. The stack 
foundations below the ground will be filled with site material, 
The following is the list of the tunnels, stack foundations and vaults that will be analyzed: 
1. Boiler tunnel and stack foundation, (located at basement southeast comer L-1) 
2. First floor exhaust stack tunnel and stack foundation, (located at north side H-17 to H-20). 
3. Second floor exhaust stack tunnel and stack foundation, (located at the north-east K-18). 
4. Second floor vaults, Oocated north-east M- 17). 
5. Second floor tunnel from B88l to B883, (located at A-20). 
This calculation addresses two factors that will be involved with this consideration, which are 
as follows: 

1. What is the projected number of years that the tunnels and vaults will remain standing 
before it begins to collapsc. 

2. What will be the depression in the ground surface when the tunnel does collapse. 
Therefore, an analysis of the tunnels and vaults structure's present strength and condition is 
needed to detennine what the future long term condition of the tunnels and vaults may be. 
Based on the results of the analysis a projection can lx made as to how many years before the 
tunnels and vaults will begin'to collapse due to natural causes. The analysis is based on the 
tunnels and vaults loaded only with the soil overburden from the final grade after the completed 
demoiition of the building. The tunnels, stack foundations and vaults will not be subject to any 
vehicle traffic. The analysis is also based on the groundwater rising to above the tunnels at 
least part of every year. The tunnels and vaults will therefore be exposed to the corrosive 
effects of water. 

Natural Phenomena. Hazard Performance Category: NA - it can be reasonably msumed 
that if an earthquake does occur it will not effect the tunnels, stack foundations and vaults, 
because they are buried and supported all a r o ~ d  by soil. 

Calculation Objectives (List): 
The objective is to calculate the strength of the tunnel without steel rebar reinforcement and 
just with the strength of the concrete. This Will give an indication of whether the tunnels and 
vaults can support their own wight and soil overburden over a long period of time, once the 
reinforcement has completely corroded. The natural groundwater flows arc expected to rise 
above the tunnels, stack foundations and vauIts at least part of each year, This will expose the 
tunnels and vaults to water, and over a long enough period of time the reinforcement will 
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6. 

7, 

8, 

9. 

corrode. The stack foundations will k filled and supported all around by soil, so themfore they 
will not collapse, 
The objective also is to approximate the effects on the ground surface after the tunnels md 
vaults have collapsed. 

List Methods used for Calcuhtlon: 
Standard engineering design practice and by engineering methods of the (ACI) American 
Concrete Institute. 

The assumption tbat the ground water will rise above the tunnels, stack foundations and vaults 
for at least part of the year, is based on the report "RFETS Hydmdic Impacts - Building B881 
Decommissioning", By Bob h c h a ,  Kaiser-Hill Water Program Department, (1 1-25-2003). 

Identify References: 
&I  Drawings (WETS drawing no.) 62 ( discipline): (see attached copies) 

List Assumptions used: -.. 

Building Layout Drawhgs: 

Tunnels, Stack foundAtions and Vaults drawings: 

1 ~ 

2, 

3. 

4. 

Building I3881 - (30881-1,2,3,4, & 5) (Arch) 

Boiler tunnel and stack foundation (located at basement L-1). 
Boiler Flue & Stack Substructure - (OOS29-0001) (Building) 
First floor exhaust stack tunnel and stack foundation (located at 5-20 to H-20) 
Ventilation Stack Foundation & Connection Tunnel - (OOS28-0001) (Building) 
Second floor exhaust stack tunnel and stack foundation. (located at IC-18) 
Stack Foundation & Tunnel Details - (17507-oOOZ) (Unknown) 
Second floor vaults. (located northeast M-17) 
Radiographic Vault, Rooms 248,249 and 250 - (00327-0008) (Building) 
Plan & Concrete Details Rm. 248,249 & 250 - 15835-0001) (Building) 
Plans, Sections & Details Radiography Room - (20507-0001) (Arch.) 

5. Second floor tunnel from B881 to B883. (located at A-20) 
Concrete Connection Tunnel Plans & Details - (1 7530-0002) (h4echmical) 

Existing Soil Grades: 

Site Closure Final Soil Grades: 
Topographic Map Zone E-5 & F-5 - (1 5510-0037 & 0045) (Site Civil) 

Land Configurkion Design Basis IA Grading and Drainage Concept - 
151754-Cl60, C101, & Cl02) (Civil) 

Fokdation Drawing with General Notes for Concrete Strength: 
Foundation Schedule & Details - (OOFO2-001F) (Building) 

8.2 AISC American Institute of Steel Construction, 9th Edition. 
8.3 "WETS Hydraulic Impacts - Building B881 Decommissioning", 

By Bob Prucha, Kaiser-Hi41 Water Program Department, ( 1  1-25-2003). 

Identify Applicable Design Related AB Documents: 
The building will be demolition and Will no longer exist. 

NA 
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CALCULATION CONTROL NUMBER: CALC 881 - NA - 000050 - (REV. 0) 

10. Body of Calculation: Refer to tbc following calculation pages. 

11. Calculation Conclusion: 

. BS81 Tunnels, Stack Foundstions and Vaults StructuraI AnaIysis for the Prediction of Lon# 
Term Condition 

- -  

Present Strength 4% CondiCioo of Tunnels, Stack Foundations and Vadts 
The twnels, stack foundations and vaults are in good candition wjth no cracks or evidence of 
corrosion However, after site closure the tunnels, stack foundations and vaults are expected to be 
errposed, inside and out to graund water, for at least part of each year. The p m d  water will seep into 
the c0naet.e and corrode the reinforcement, until at some period of time, the reinforcement becomes 
incff;ective. The final strmgth of the tunnels, stack fomckdiom and vaults are then dependent on the 
uncmcked ultimate tensile (rupture) StTength of the concrete. When &e concrete eventually 
deteriorates and cracks, the mfs will lose all strength and will collapse. The cullapse of the roof will 
cause the soil overburden to fill the tunnels and vaults and cause a depression on the ground surface. 

Long Tern Durability of Building B881 Tunnels 
The long term durability of the tunnels and vaults is first dependent on the @od of time that will take 
to corrode the reinforcement so that it becomes completely ineffective. Once the reidorcement 
c o d e s  and becomes totally ineffective, the final collapse of the tunnels and vaults are dependent on 
the strength ofthe concrete to support the soil overburden. The calculation atlalyzod thc slrength of the 
concrete, of the tunnels and vaults to support the soil overburden once the reinforcement has completely 
corroded. The stack foundations will be filled with site material and supprted all arowd<by soil. 
Therefore, the stack foundations will not collapse and will continue to exist buried in the p u n d  well 
after the turmels and vaults collapse. 

Because of the good condition of the tunnels and vaults and the probability that the tunnels and vaults 
will only be exposed to ground water part of each year, it may take approximately 500 years or longer 
for the reinforcement to corrode, Once the *orcement has completely corcoded it could take 
another 500 years or longer for the concrete to deteriorate so that the tunnels and vault roofs will 
collapse. 

3 

. 

The following are the results of the tunnels and vaults concrete analysis to support the soil 
overburden (Reference sketch in calculations of following paEes): 

1. Bbiler tunnel, (located at basement southeast corner Ll), 
The boiler tunnel concrete roof support the fid soil overburden without the reinforcement. 
- Therefore, a conservative engineering estimate would be that the tunnels could continue to 

exist without colIapsing for at least 1,000 to 2,000 years. 
The final depression at the surface will be a trapezoidal shaped trench with assumed 45 
degree sloped sides and vhhthe following approximate dimensions: 

- 

2.0 ft. deep x 27 wide at the surfaee to 23 it. wide at the bottom 

( 1 O/OO) 
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2. First floor exhaust stack tunnel, (located at north side H-17 to H-20). 
The first floor cxhaust stack tunnel can not support the final soil overburden without the 
reinforcement. Bccause the tunnel is deep (16.83 ft.) the soil above the tunnel will arc over &e 
tunnel and support itself long after the tunnel has collapsed. Therefore, there may not be my 
depression at the surface above the tunnel, long after the collapse of the tunnel- 
- Therefore, a conservative engineering estimate would be that the tunnels could continue to 

exist without collapsing for at least 500 to 1,000 years. 
The final depression at the surface will be a trapezoidal shaped trench With assumed 45 
degree sloped sides and with the following approximate dimensions: 

I 

- 

4.4 ft. deep x 46 wide at the surface to 37 ft. wide at the bottom 

3. Second floor exhaust stack tunnel, (located at the north-east K-18). 
The second floor exhaust m e 1  concrete roof cpo support the f d  soil overburden w i ~ o u t  the 
reinforcement. 
- Therefore, a conservative engineering estimate would be that the tunnels could contiriue to 

exist without collapsing for at least 1,000 to 2,000 years. 
The final depression at the surface will be a trapezoidal shaped trcnch with assumed 45 
degree slopqd sides and with the following approximate dimensions: 

- 

1.5 ft, deep x 19 wide at the surface to 15 ft. wide at the bottom 

4. Second floor vaults, (located north-east M-17). 
Second Floor Eastern Pair of Vaults - the concrete roof can not support the final soil 
overburden without the reinforcement. 
- Therefore, a conservative engineering estimate would be that the vaults could continue to 

exist without collapsing for at 1-t 500 to 1,OOO years. 

Because there will only be (3.5') of soil overburden, there will not be enough soil to fill the 
vaults once they collapse. Therefore, there will be a square trapezoidal shaped depression 
at the surface extending to the top of each vault, with the sides assumed sloped at 45 
degrees. Below the depressions there will be a square hole at each of the unfilled vaults. . 

Deprcssions will be approximately = 3,5 ft. deep x 31 ft. x 31 ft. at the surface 
Hole at unfilled vaults = 7.4 fi. deep x 24 ft. x 24 ft. 

= 11.0 ft. 

- 

Total depth from surface 

(lO/OO) 
I-VSI-COEM-DES-2iO 



WETS CALCULATIONS page6 of 4C7 
CALCULATION CONTROL NUMBER: CALC - 881 - NA - 000050 - (REV. 0) 

Second Floor Western Pair of Vaults - the concrete roof can not support the fd soil 
overburden without the reinforcement. 
- Therefore, a conservative engineering estimate would be that the tunnels could continue to 

exist without collapsing for at least 500 to 1,000 years. 

Because there will only be (3.5') of soil overburden, there will not be enough soil to fill the 
vaults once they collapse. Therefore, there will be a square trapezoidal shaped depression 
at the surface extending to the top of each vault, with the sides assumed sloped at 45 
degrees, Below the depressions there will be a square hale at each of the d e d  vaults. 

Depressions will be approximately = 3.5 ft. deep x 23 fL I 23 ft. at the $Wface 
Hole at unfilled vaults = 6.8 ft. deep x 16 ft. x 16 ft. 
Total depth from surface = 103 ft. 

- 

c 

5. Second floor tunnel from B881 to B383, (located at A-20). 
The Second flwr tunnel from B881 to B883 corlcrete roof 
without the reinforcement. 

- 

support the hl soil overburden 

Therefore, a conservative engineering estimate would be that the tunnel could continue to 
exist without collapsing for at least 1,000 to 2,000 years. I- 

Because there will only be (4.0') of soil overburden, there will not be enough soil to fill the 
tunncl once it collapsc, Therefore, there will be a trapezoidal shaped trench depression at 
the surface extending to the top of the vaults, with the sides assumed sloped at 45 degrees. 
Below the depression there will be a trench hole at the unfilled -el. 

-I 

- 
I 

Depression could be approximately = 4.0 ft, deep x 12 ft. wide at the sarface 
Trench hole at unfilled tunnel = 4.0 ft. deep x 8.0 ft. wide 
Total depth fiom surface = 8.0 ft. 

If there are any questions please give me a call. 

Keith MacLeod, RETS Materia/ Stewurdshtp Engineerihg 
I3460 C211- 09, phone 303-966-2067, pager 303-212-5674, 
fax 303-966-7193, & email  keith.macleod@,rfets.aov 

(10400) 
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CODE 

flection shall be computed with the mdulus of 
elasticity & for concrete as $pwified in 8.5.1 
(normal weight or lightweight concrete) and with 
the effective moment of inertia as follows, but not 
greater than I' 

and for normal weight concrete, 

fr = 7.5% (9-9) 

COMMENTARY 
selected as being sufficiently accurate for use to control 
deflecti~ns.~*''~-'~ effective& was developed to 
vide a transition between tbe uppw and lower bounds of 
I, and I,, as a function of the mtio MJM=. b r  most 
practical casts I, will be less than I,. 

_. .. 
+C 

When lightweight ahregate m e  is.used, one of 
the fdlowlrrg modifications shall apply: 

(a) When f ,  is specifd and concrete is propor- 
tioned in ascordam with 5 2 f shall be modified 
by substikrting fd/6.7 for & but the value of 
fd6.7 shall not exceed fl:. . 

(b) When fd Is not spedfied, fr shall be multiplied 
by 0.75 for "all-lightweight" m t e ,  and 0.85 for 
"sand-ligMwelght" concrete, Linear interpolation 

9.5.2.4 - For continuous members; effective m- 
mentofinertia may befaken astheave~ofvalues 
obtained frum Eq. (P7) for the crttical positive and 
negative moment sections. For prismatic member6, 
effective Momwrt of inertia may be taken as the value 
obtained from Eq. (9-7) at midspan for simple and 
continuous spans, and at support for cantilevers. 

is permitted if partial sand replaoemnt is w. 

9.5.2.5 - Unless values are obtained by a more 

flectionmltingfrmcreepandshrinkageofflexural 
rnmtws (nomal webM or IigMWelght crmcrete) 
shall be determined by multiplying the immediate 
deflecaioncausedbythesustainedloadconsidered, 
by the factw 

CMnprehenShre WS, m a l  m-term de 

s 
1 + mp' 

A =  

where p' shall te the value at midspan for simple and 
continmusspans, andatsuppoctforcanbllever~.ttIs 
permllted to assume the time-dependent factor tfor 
sustained loads to be equal to 



' CODE COMMENTARY 
met regardless of w h e k  thc stFength method or the 
alternate method is used for design. .-. , 

I 

A.2 - G e t ~ ~ ~ i l  

A2.1 - Load factors and strength reduction factors 
# shall be taken as unily for members dedgned by 
the Alternate Dedgn Method. 

A . 2 . 3 - m  dead load redm effects of other 
W, members sha# bg &grwd for 85 Wwnt of 
dead load In combmation with the d w r  loads. 

A3 - pemrlr;sfble swvsoe bad stresses 

A3.1 -Stresses in concrete shall not exceed the 
following: 

(a) Flexure 
Extme fiber stress 
in compression. . . . . , . , . . . . . . . * .  . .0.45 f: 

(b) Shear* 
Beams and one-way slabs and footings: 

shear m-ed by m t e ,  v, I . .  . * 1.1 fl; 

W m u m  shear 
carried by (XXKxBtB ptus shear 
reinforcement.. . . . . . . . . - ,  v, i- 4,4 fl~ 

RA.2 - General 

RA.2.1- had factors and strength duction facton for 
determining safety in the Strength h i g n  Meth~xI are not 
uscd in the Alternate Design Method. Accwdingly, load 
factors aod stmgth miuction factors 4 arc sct equal to 
1.0 to eLiminntc their effect when designing by the alter- 
Rater.netkd. I 

Whenusingtbemotrqntaad shwequatiwof8.3.3md 
chapttr 13, t k  factored load w, must be replaced by the 
m i c e  load w, 

_- 

RA.2.2-whenlrtcrallordssuchaswindmeardrq~c 
ccmnbhd with live and dead load govern the design, 
members m y  be pmporticsaedfor75 pcmnttofcapicities 
requited A. This is similar to the working 
Etress design provisions of previous ACI Building codes 
which allowed a one-thii imxcasc in stresses for thw 
combinations of loads. 

RA.2.3 - n e  15 ptrccat reduction for dead load is E- 
quired for &sign conditions where dead load reduces the 
design CrftXb of loads to  OW fw the pctud dead 
load beiag less than the dead Id used in design. Tbis 
provision is d o g w s  to the requircd s n g t h  quation 
CQ. (9-311. 

For convenience, pmissiblc mice load stresses are 
tabulatcd. Compnssive strass in conaztc for flexure 
without axial I d  is limited to 0.4Sf :. Tmilt s tmm in 
reinforcement BID limited to ul,ooO psi for Grrdc 40 and 
%)steel and 24,ooOpsi for Grade 60 nnd higher strength 
steel. Ow exotption of long stading exists for one-way 
slabs with clear span lengths 12 fi'or less aad a i n f o d  
with P3 bars or welded wire fabric having a diameter not 
exceeding 318 in. For this design codition only, the 
pamisXible terrsile stress is inmased to thc lesser of 0.5fi 
OT 30,oOo psi. 
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Attachment VT 
Building 88 1 Slope Stability Analysis 



D R A F T  T E C H N I C A L  M E M O R A N D U M  CHOMHILL 

Building 881 Slope Stability Analysis 
Rocky Flats Environmental Technology Site 
PREPARED FOR Dyan Foss/Kaiser-Hll 

PREPARED BY: CH2M HILL 

COPKS: Jim Schneider/CHZM HILL 
Matt Johns/CHZM HILL 

DATE: March 22,2004 

Overview 
Building 881 at the Rocky Flats Environmental Technology Site (WETS) is scheduled for 
decommissioning and, demolition in 2004. The potential hydraulic impacts of demolishing 
Building 881 were evaluated by Integrated Hydro Systems using an integrated (surface 
water and groundwater) ~umerical model. The modeling was also used to assess impacts to 
a contamination in groundwater originating from the Building 883 area, which is 
upgradient of Building 881. The results of the modeling concluded the following (Kaiser- 
Hill, 2003): 

0 The groundwater levels Found Building 881 under. the dosure scenario are greater than 
one meter. Groundwater does not buildup within and above the Building 881 slab as a 
result of leaving it intact because its depth is several meters below the final land 
configuration. Groundwater depths will decrease to less than 1 meter towards Woman 
Creek as a result of the hillslope structure and thinning unconsolidated mateerials near 
the creek. 

0 The foundation walls and floor slab should not be made more permeable to prevent 
southward migration of a groundwater plume upgradient of Building 881. Footing 
drains betwen Building 883 and 881 should be disrupted to prevent possible pathways 
as a measure to prevent southward migration of the groundwater plume. 

At Kaiscr-Hill's request, this Technical Memorandum provides further analysis of slope 
stability for the proposed final land configuration and presents recamendations based on 
the results of that analysis. 

Slope Stability Analysis 
The final land configuration in the Building 881 area specifies that the area be graded at a 
Tnaximum 12.5 percent slope (i.e., 8 horizontal to 1 vertical, 81) (parsons, 2002). It is 
assumed that the fill will be obtained on-site from alluvial soils &e. Rocky Flats Alluvium). 
Boring logs were provided to CH2M HlLL by Kaiser-Hill from the RFETS. Portions of those 
boring logs interpreted to repfknt the Rocky Flats Alluvium generally describe the 
alluvium (using the Unified Soil Classification System) as predominantly "SF' with some 
intervals classified as "GW." Under the USCS system, an SP material is comprised of sand 
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with more than 50 percent passing a No. 4 sieve. Under this classification, the sand is clean 
sand and poorly graded (well sorted). The. GW classification represents a material where 
gravel material retained on a No. 4 sieve represents more than 50 percent of the soil, 
Specifically, GW is described as a clean, well-graded fine to coarse gravel. These types of 
mter ia I  are considered cohesionless and the following equation can be used to evaluate the 
stability of an infinite slope with a cohcnsiodess soil with seepage (Taylor, 1948, Chaptf~ 
16): 

tan $4' F, =- 
t a P  _ -  - 

where: F. = Factor of Safety 
cp' = effective shear strength parameter 
p = slope angle 

, 

The effective shear stress for a completely submerged slope can b approximated by the 
following expression: 

whcre: y' = buoyant unit weight - yw) 
y,,t = saturated unit weight of soil 
yw = unit weight of water 
rp' = effective shear strength parameter 
qPw = weighted shear sbength parameter 

The following assumptions can be made for the final land configuration for the Building 881 
area. 

y' = 62.8 pounds per cubic foot (pcf) 
ym,t 125 pcf (assumed) 
yw = 62.4 pcf 
9' = 33" for sands, angular grains, well graded (Tenaghi and Peck, 1948) 
cp = (62.8 pcf/125 pcf) * 33' - 16.58" 
p = 7.13 degrees (i.e, 12.5 percent slope) 

Using the site assumptions above, the factor of safety'is calculated as follows: 

= 2.4 tan(l6.58") 
Fr = tan(7.13") 

The resulting factor of safety is calculated to be 2.4, which is greater than the generally 
accepted factor of safety for long-term, static slope stability of 1.5. Thus, the proposed final 
land configuration in the Building 881 area can be considered stable in the event seepage 
approaches the ground surface. 

.- - 
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Recommendations 
The results of thc slope stability analys& indicate that the proposed final land c d i p a t i o n  
in the Building 811 area can be considered stable even under unlikely conditions that 
seepage approaches ground surface. It is recommended that that K-H consider grouting 
existing floor drains during building demolition to prevent flow concentrations that might 
lead to concentrated flow (i.e., piping) and localized erosion at the eventual buried 
discharge points. 

References 
Kaiser-Hill, Novemk, 2003. Presenfatian Makerials on the Hydraulic lrnpacts - Buildiq 881 
Decommissioning, Rmky Flats Environmnu Technology Site. 

Parsons, September 2002. Lnnd Confpratiort Design Basis IA Grding and Drainage Conaept - 
Building 881 Plan View. Drawing No 517%C101, Issue 2. 

Taylor, D.W. 1948. Fundamentals of Soil Mechanics. 

Terzaghi, K and Peck, R.B. 1948. Soil Mechanics in Engineering Practim. 
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Ovetview 
Building 881 at the Rocky Flats Environmental Technology Site (F!FETS) is scheduled for 
decommbioning and demolition in 2004. The potential hydraulic impacts of demolishing 

i 
1 

Building 881 were evalua!ed by Integrated Hydro System using an integrated (surface 
water and groundwater) numericd model. The modeling was also used to assess impacts to 
a contamination in groundwater originating from the Building 883 area, which is 
upgradient of Building 881. The results of the modehg concluded the fallowing (Kaiser- 
Hill, 2003): 

a 

I 

The groundwater levels around Building 881 under the closure scenario are greater than 
one meter. Groundwater does not buildup within and above the Building 881 slab as a 
result of leaving it intact because its depth is several meters below the final land 
configuration. Groundwater depths will decrease to less than 1 meter towards Woman 
Creek as a result of the hiltslope structure and thinning unconsolidated materials hear 
the creek. 

The foundation walls and floor slab should not be made more permeable to prevent 
southward migration of a groundwater plume upgradient of Building 881. Footing 
drains between Building 883 and 881 shodd be disrupted to prevent possible pathways 
as a measure to prevent southward migration of the groundwater plume. 

At Kaiser-Hill's request, this Technical Memorandum provides further analysis of slope 
stability for the proposed final land configuration and presents recommendations based on 
the results of that analysis. 

Slope Stability Analysis 
The final Land canfiguration in the Building 881 area specifies that the area be graded at a 
maximum 12.5 percent slope (i.e., 8 horizontal to 1 vcrtical, 81) (Parsons, 2002). It is 
assumed that the fill will be obtained on-site from alluvial soils (is* Rocky Flats Alluvium). 
Boring logs were provided to CH2M HILL by Kaiser-Hill from the RFETS. Portions of those 
boring logs interpreted to represent the Rocky Flats AUuvium generally describe the 
alluvium (using the Unified Soil Classification System) as predominan~y "SP" with some 
intervals classified as "GW." Under the USCS system, an SP material is comprised of sand 



with more than 50 percent passing a No. 4 sieve. Under this classification, the sand is clean 
sand and poorly graded (well sorted), The GW classification represents a material where 
gravel material retained on a No. 4 sieve represents more than 50 percent of the soil. 
SpecificaUy, GW is descriki as a clean, well-graded fine to coarse gravel. These types of 
material arc considered cohesionless and the following equation can be used to evaluate the 
stability of an infinite slope with a cohensionless soil with,seepage (Taylor, 1948, Chapter 
16): 

tan 4' F, =- 
m P  ._. - 

where: F, = Factor of Safety 
<p' = effective shear strength parameter 
j3 = slope angle 

. 

The effective shear stress for a completely submerged slope can be approximated by the 
following expression: 

where: y' = buoyant unit weight (ys.t * yw) 
yBat = saturated unit weight of soil 
yw = unit weight of water 
cp' = effective shear strength parameter 
'pw - weighted shear strength parameter 

The following assumptions can be made for the final land codiguration for the Building 881 
area. 

y' = 62.8 pounds per cubic foot (pcfj 
Fat,= 125 pcf (assumed) 
yw =62.4pcf 
cp' = 33" for sands, angular pains, well graded (Terzaghi and Peck, 1943) 
<p w= (62.8 pcf/125 pcf) * 33'- 14.58' 
p = 7.13 degrees (i.e, 12.5 percent slope) 

Using the site assumptions abve, the factor of safety is calculated as follows: 

tan(l6.58") 
F' = tan(7.13"- 

= 2.4 

The resulting factor of safety is calculated to be 2.4, which is greater than the generally 
accepted factor of safety for long-term, static slope stability of 1.5. Thus, the proposed final 
land configuration in the Building 881 area can be considered stable in the event seepage 
approaches the ground surface. 
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Recommendations 
The results of the slope stability analyses indicate that the proposed final land configuration 
in the Building 811 area can be considered stable even under unlikely conditions that 
seepage approaches ground surface. It is recommended that that K-H consider grouting 
exir;ting floor drains during building demolition to prevent flow concentrations that might 
lead to concentrated flow (ie., piping) and localized erosion at the eventual buried 
discharge points. 

References 
Kaiser-HiU. November, 2003. Presentation Materials on the Hydraulic Impacts - Budding 881 
Decommissioning, Rocky Fhts Environmental Technology Site, 

Parsons, Sptember 2002, h n d  Configurntion Design Basis IA Grading and Druinage Conapf  - 
Building 881 Plan View. Drawing No 51754-C1M, Issue 2. 

Taylor, D.W, 1948. Fundamentals of Soil Mechanics. 

Terzaghi, K and Peck, R.B. 1948. Sod Mechanics in Engineering Practice. 
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Attachment VI1 
Construction Specification Section 02220, Fill and Backfill 



.-- 

PART 1 GENERAL 

SECTION 02220 
FILL AND BACKFXLL 

1.1 WORK INCLUDES 

A. The methods for placing backfill in the Building 88 1 and surrounding area 
following completion of demolition activities. Backfill in select areas prior to 
demolition is specified in Section 02225, SPECIAL BACKFILL. 7 .  - 

B. The general requirements described in this section are intended to result in a 
relatively uniform fill that is free of detrimental voids and that will experience 
relatively limited and uniform settlement and limit ponding of surface water. 
The fill shall provide a minimum 3-foot thick cover across the project site and 
establish the final land configuration shown on the Land Configuration Desiga 
Basis, Building 881 Drawings. 

In-place moisture-density testing is not specified because of the heterogeneity 
in materials anticipated for use as backfill, including unclassified eartM11 and 
concrete rubble fill. Such testing would not resuIt in reliable and reproducible 
measurements. This specification prescribcs a method that is to be followed 
for all materig placement. Acceptance of work will be completed by visual 
inspections. 

. 

7 

C. 

1.2 REFERENCES 

A. Rocky Flats Cleanup Agreement Standard Operating Protocol (RSOP) for 
RecyclingConcrete, June 13,2003. 

1.3 DEFINITIONS 

A. 

B, 

WETS: Rocky Flats Environmental Technology Site. 

RSOP: WETS Standard Operating Protocol. 

C, Completed Coursc: A course or layer that is ready for the next layer or next 
phase of work, frw from irregularities with smooth, tight, evcn surface, true ta 
grade, line, and cross-section. 

D. Lift: Loose (uncompacted) layer of material, 

E. Well-Graded: ~, 

1. A mixture of particle sizes With no specific concentration or lack thereof 
of one or more sizes. 

DEN11 84673KH*03 
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2. Docs not define numerical value that must be placed on coefficient of 
uniformity, coefficient of curvature, or other specific grain size 
distribution parameters. 
Used to define material type that, when compacted, produces a strong 
and relatively incompressible soil mass free from detrimkntal voids. 

3. 

F. Selected Backfill Material: Borrow material available onsite that is suitable 
for specific use. 

G. Imported Material: Materials obtained from sources offsite, suitable for 
specified use. 

.. I 

H. Deleterious Materials: 0rganic.rnattel; trash, rubbisB, ash, debris, oversize 
materials, toxic substances, and soluble materials. 

Oversize Materials: Soil particles, soil clods, rocks, and other debris having a 
least dimension in excess of specified limits. 

I. 

J. Coverage: With respect to compaction, a “coverage” means that the compactor 
drum or earthmoving equipment has passed once over 100 percent of the 
entire surface of the area to be compacted. 

I .4 OWNER-FURNISHED MATERIALS 

A. Borrow Materials: Kaiser-HilVDOE will designate borrow materials from 
locations on the WETS that are available for Building 88 1 Project use during 
construction. The Building 881 Project shall be responsible for*the quality 
control for the borrow materials during construction. 

B. Water: Water for moisture conditioning will be made available h m  facility 
fire hydrants. 

1.5 QUALITY CONTROL 

A. Notify Building 881 Project or Demolition Manager when: 

1. 

2. 

Soft or loose subgrade materials are encountered wherever embankment 
or site fill is to be placed. 
Fill and backfill material appears to be deviating from specifications. 

DENA 84673.KH.03 
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PART 2 PRODUCTS 

2.1 

2.2 

2.3 

2.4 

EARTHFILL 

A. Excavated material from designated borrow sources. 

I .  
2. 

Reasonably well-graded from coarse to fine. 
Free from rocks larger than 3 inches, roots and other organic matter, 
ashes, cinders, trash, debris, and other deleterious materials. Rocks 
larger than 3 inches are allowed in earthfill up to 9 inches as long as the 
rocks are not placed in a cluster, causing voids, or inhibit s e m g  
operations. 
Non-expansive, defined as meeting both of thk following requirements: 
a. 
b. 

3. 
Liquid Limit (ASTM D 43 1 8) less than 40. 
Plasticity Index (ASTM D 4318) less than 15. 

B. Provide imported uncontaminated material of equivalent quality, if required to 
accomplish the Work. 

CONCRETE RUBBLE FILL 

A. Processed concrete rubble meeting free release criteria generated from WETS 
decommissioning and demolition activities as defined in the RSOP for 
Recycling Concrete. The material is in stockpiles at the WETS. The 850 Pad 
stockpile can be used as fill for Building 88 1, 

B. Materid shall be comprised of concrete fragments no greater that 12 inches in 
any dimension and shall be well-graded. 

COARSE AGGREGATE 

A. 

€3. 

C. 

WATER FOR MOISTURE CONDITIONING 

A. 

lkx-inchminus recycled concrete, crushed gravel, or crushed rock. 

Reasonably well-graded from coarse to fine. 

Free from dirt, clay balls, and arganic material. 

Furnished by site water system. Maintain free of contaminants dele erious to 
proper compaction. 

PART 3 EXECUTION 

3,1 GENERU 

DEN/184673.KH.03 
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3.2 

-- 

A. Keep placement surfaces fiee of standing water, debris, and foreign materid 
during placement and compaction of fill and backfill materials. 

B, Place and spread fill and backfill materials in horizontal lifts of uniform 
thickness, in a manner that avoids segregation, and compact each lift to 
specified densities prior to placing succeeding lifts. Slope lifts only where 
necessary to conform to final grades or as necessary to keep placement 
surfaces drained of water. 

C. Do not place fill or backfill if fill or backfill material is frozen, or if surface 
upon which fill or backfdl is to be placed is frozen. 

. _  

IN PLACE INSPECTION 

A, Inspection: Each lift shall meet the following inspection criteria: 

1. 
2. 

Each lift shall be free of detrimental voids and uniformly placed. 
No visual deflectiori of fill during compaction 

3.3 COMPACTION 

A. Compaction of each lift shall be performed to assure that detrimental voids are 
removed and that the fill material will experience limited and reasonably 
uniform hture settlemerit. 

B. Compaction of  Final Cover: 

1. 

2. 

Compact cover by mechanical means using the earthmoving equipment 
used to place and spread the final cover soil. 
Compact each lift with a minimum of one complete coverage across the 
entire surface of each lift. 

C, Compaction of All Other Materials: 

1. Compact all other materials by mechanical means using a vibratory 
sheepsfooi or tamping foot roller that exerts a dynamic force of at least 
46,000 foot-pounds. Operate at 1 ,100 to 1,500 vibrations per minute. 
Roller travel speed shall not exceed 3 miles per how. 
Compact each lift with a minimum of three complete coverages across 
the entire surface of each lift. 

2. 

3.4 MOISTURE CONTROL 

A. During all compacting operations, maintain uniform moisture content near 
optimum throughout the lift. For example, for a clay soil, near-optimum 
moisture content would be that which would form a ball that will retain its 
shape when compressed in one’s hand. For granular material, add sufficient 
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water to allow rearrangement of the soil particles to densify to the maximum 
extent practicable the material when compacted by the specified method. 

E. Do not attempt to compact fill material that contains excessive moisture. 
Material that becomes too wet shall be removed or reworked. Aerate materid 
by blading, discing, harrowing, or other methods, to hasten the drying process. 

C. Do not attempt to compact fill material that contains insuficient moisture. 
Insofar as practical, add water at the borrow m a .  Disk or othenvisc mix 
thoroughly to provide uniform moisture content throughout each lift. 

: - 

3,5 SITE PREPARATION 

A, Debris Consolidation: 

1. Consolidate and downsize debris within the remains of the foundation at 
Building 881 to create a stable, uniform, and level surface for 
subsequent backfilling. 
Work the surface with a hydraulic excavator or crawler tractor as 
necessary to fill voids between particles and provide a firm surface free 
of detrimental voids. 
Proof-roll entire surface with a minimum of three complete coverages of 
the specified vibratory roller to consolidate debris and identify unstable 
areas. 
Correct unstable areas as needed to create a stable foundation. 

2. 

3. 

4. 

B. Otherheas: 

1. 

2. 

Clear, grub, and strip areas withid the limits shown on the Land 
Cafiguration Design Basis, Building 88 1 Drawings. 
Strippings shall be temporarily stockpiled and reused as topsoil in the 
final site grading. Unsuitable strippings shall be used as backfill 
material if possible. 

3.6 CHOKING FILL LAYER 

A. A choking fill layer shall be placed over the consolidated debris within the 
footprint of Building 88 1 prior to placing backfill to create a filtedseparator 
between overlying finer grained earthfill and underlying concrete rubble and 
debris. 

4 

1 .  Material: Coarse aggregatc. 
2. 
3. 

Placement: Spread in a single 12-inch loose lift. 
Compaction: Compact each liR of material only after uniformly 
spreading each lift to the full thickness specified. 

DEN1184673 .KH.03 
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4. Correction: Correct unstable areas and add material as needed to create a 
stable layer over the underlying debris, 

3.7 BACKFILL 

A. Backfill shall be wed to establish a site grade approximately 3 feet below the 
final land configuration as shown on the Land Configuration Design Basis, 
Building 881 Drawings. 

1. 
2. 

Materials: Earthfill and concrete fill. 
Placement: The materials shall be spread in maximum 12-inch loose 
lifts. To the extent practical, earthfill and concrete rubble fill shall be 
placed in aIternating layers to allow the earthflll to be worked into any 
voids in the concrete rubble fill, so as to create a dense, essentially 
incompressible backfill. 
Compaction: Compact each lift of fill only after uniformly spreading 
each lift to the full thickness specified, 
Oversize Materials: Oversize concrete debris may be selectively used as 
backfill as approved by the Building 881 Project or Demolition 

, Manager. Oversize debris shall be reduced in size as necessary to 
generally create two flat surfaces that can be placed within a single lift. 
Work smaller material around the larger pieces to limit the potential for 
future settlement. 

3, 

4. 

3.8 FINAL COVER 

A. Final cover shall be placed over the backfill to a establish a 3-foot minimum 
cover and establish the final land configuration as shown on the Land 
Configuration Design Basis, Building 88 1 Drawings. 

1. 

2. 
3. 

4. 

Materials: Earthfill. No concrete fill or bversize material shall be used in 
the final cover. 
Placement: Materials shall be placed in maximum 12-inch loose lifis. 
Compaction: Compact each lift of cover soils only after uniformly 
spreading each lift to the full thickness specified. 
Loosen the finished surface to a depth of 2 inches and leave in smooth 
condition, fke from dcprcssions or humps, ready for seeding. 

3.9 SITE GRADING 

A, Perform all earthwork to the lines and grades shown a d o r  established by the 
Building 881 Project or Demolition Manager. Unless otheiwise shown or 
specified, backfill, shape, trim, and finish grade excavated areas to the original 
ground surface elevation, and grade. Shape, trim, and finish slopes of 
embankments and channels to conform with the lines, grades, and moss 
sections shown. Round tops of banks to circular curves, in general, not less 
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than a 6-fmt radius. Rounded surfaces shall be neatly and smoothly trimmed. 
Neatly blend dl new grading into surrounding, existing terrain. 
Overexcavating and backfilling to the proper grade will not be acceptable. 

B. Tolerances: Final lines and grades shall ensure and demonstrate that at least 
3 feet of earth fill is placed over any part of the concrete structure. 

END OF SECTION 
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Attachment VIII 
Construction Specification Section 02225, Special Backfil€ 



SECTION 02225 
SPECIAL BACKFILL 

PART 1 GENF,RAL 

1.1 WORK INCLUDES 

Ad 

B. 

C. 

The methods for placing backfill in select areas of Building 88 1 prior to 
building demolition as shown in the attached Table 02225-1. 

.* I 

The general requirements described in this section are intended to result in a 
relatively uniform fill that is free of detrimental voids and that wilI experience 
relatively limited and uniform settlement following demolition. 

In-place moisture-density testing is not specified because of the heterogeneity 
in materials anticipated for use as backfiI1, including unclassified earthfill and 
concrete rubble fill. Such testing would not result in reliable and reproducible 
measurements. This specification prescribes a method that is to be followed 
for all mat&al placement. Acceptance of work will be completed by visual 
inspections. 

1.2 REFERENCES 

A, Rocky Flats Cleanup Agreement Standard Operating Protocol (RSOP) for 
Recycling Concrete, June 13,2003. 

1.3 - DEFINITIONS 

A. 

B. 

C. 

D. 

E. 

WETS: Rocky Flats Environmental Technology Site, 

RSOP: WETS Standard Operating Protocol. 

Completed Course: A course or layer that is ready for the next layer or next 
phase of work, free from irregularities with smooth, tighc even surface, true to 
grade, line, and cross-section. 

Lift: hose (unmnpacted) layer of material. 

Well-Graded: 

1. 

2. 

A mixture of particle sizes with no specific concentration or lack thereof 
of one or more sizes. 
Does not define numerical value that must be placed on coefficient of  
uniformity; coefficient of curvature, or other specific grain size 
distribution parameters. 
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F. 

G. 

H. 

I. 

J. 

3. Used to define matcrial @e that, when compacted, produces a strong 
and relatively incompressible soil mass free from detrimental voids. 

Selected Backfill Material: Borrow material available onsite that OWNER 
determines to be suitable for specific use. 

Imported Material: Materials obtained from sources offsite, suitable for 
specified use. 

Deleterious Materials: Organic matter, trash, rubbish, ash, debris, oversize 
materids, toxic substances, and soluble materials. 

Oversize Materials: Soil particles, soil clods, rocks, and other debris having a 
feast dimension in excess af specified limits. 

Coverage: With respect to compaction, a “coverage” means that the compactor 
drum the earthmoving equipment has passed once over 100 percent of the 
entire surface of the area to be compacted. 

_ -  - 

1.4 OWNER FUlW&HED MATEMALS 

A. Borrow Materials: The Kaiser-HilUDOE will designate borrow materials fiom 
locations on the WETS that are available for Building 881 Project usc during 
construction. The Building 881 Project shall be responsible far the quality 
control for the borrow materials during construction. 

Water: Water for moisture conditioning will be made available from facility 
fire hydrants. 

B. 

1.5 QUALITY CONTROL 

A. Notify Building 881 Project or Demolition Manager when: 

1 .  

2. 

Soft or loose subgrade materials are encountered wherever embankment 
or site fill is to be placed. 
Fill and backfill material appears to be deviating from Specifications. 

PART 2 PRODUCTS 

2.1 EARTHFILL 

A. Excavated material from designated borrow sourccs. 

1. 
2. 

Reasonably well-graded from coarse to fine. 
Free from7rocks larger than 3 inches, roots and other organic matter, 
ashes, cinders, trash, debris, and other deleterious materials. Rocks 
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larger than 3 inches are allowed in earthfill up to 9 inches as long as fie 
rocks are not placed in a cluster or cause voids. 
Non-expansive, defined as meeting both of the following requirements: 
a. 
h. 

' 

3. 
Liquid Limit (ASTM D 43 18) less than 40. 
Plasticity lndex (ASTM D 43 18) less than 15. 

B, Provide imported uncontaminated material of equivalent quality, if required to 
accomplish the Work. 

2.2 CONCETE RUBBLE FILL 
.. + 

A. Processed concrete rubble meeting free release criteria generated from WETS 
decommissioning and demolition activities as defined in the RSOP for 
Recycling Concrete. The materid is in stockpiles at the WETS. The 850 Pad 
stockpile can be uscd as fill for Building 881. 

B. Material shall be comprised of concrete fragments no greater that 12 inches in 
any dimension and shall be well-graded. 

2.3 CONCRETE FILL 

A. Design concrete fill for a minimum compressive strength of 2,500 psi at 
28 days. 

2.4 FLOWABLE FILL: 

A. Select md proportion ingredients to obtain a compressive strength between 
50 and 150 psi at 28 days in accordance with ASTM D 4832. 

B. Materials. 

1. 
2. 
3. 
4. 
5. Admixture (if used): CellFlow. 

Cement: ASTM (2150, Type I or 11. 
Fly Ash (if used): ASTM C 61 8, Class C. 
Aggregate: Crusher fines or equal. 
Water: Clean, potable, containing less than 500 ppm of chlorides. 

2.5 WATER FOR MOTSTIJRE CONDITIONING 

A, Furnished by Site water system. Maintain free of contaminants deleterious to 
proper compaction. 
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PART 3 EXECUTION 

3.1 

3.2 

3.3 

3.4 

GENERAL 

A. Keep placement surfaces free of standing water, debris, and foreign material 
during placement and compaction of fill and backfill materials. 

B. Place and spread fill and backfill materials in horizontal lifts of uniform 
thickness, in a manner that avoids segregation, and compact each lift to 
specified densities prior to placing succeeding lifts. Slope lifts only where 
necessary to conform to final grades or as necessary to keep placement 
surfaces drained of water. 

C. Do not place fill or backfill if fill or backfill material is frozen, or if surface 
upon which fill or backfill is to be placed is fiozen, 

IN PLACE INSPECTTON 

A, Inspection: Each lift shall meet the following inspection criteria: 

1. 
2. 

Each lift shall be free of detrimental voids and uniformly placed. 
No visual deflection of fill during compaction. 

COMPACTION 

A. Compaction of each lift shall be performed using earthmoving equipment to 
assure that detrimental voids are removed and that the fill material will 
experience limited and reasonably uniform future settlement. 

MOISTURJ3 CONTROL 

A. During all compactmg operations, maintain uniform moisture content near 
optimum throughout the lift. For example, for a clay soil, near-optimum 
moisture content would be that which would form a ball that will retain its 
shape when compressed in one’s hand. For granular material, add sufficient 
water to allow r-gement of the soil particles to densify to the maximum 
extent practicable the material when compacted by the specified method, 

13. Do not attempt to compact f i l l  material that contains excessive moisture. 
Material that becomes too wet shall be removed or reworked. Aerate material 
by blading, discing, harrowing, or other methods, to hasten the drying process. 

C. Do not attempt to compact fill material that contains insufficient moisture. 
Insofar as practical, add water at the borrow area. Disk or otherwise mix 
thoroughly to prbvide uniform moisture content throughout each lift. 
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3.5 BACKFILL METHOD A 

A. Backfill by Method A is for areas with limited equipment access and limited 
overhead ceiling clearance. Filling activities will be campleted using 
appropriate (sized to the area) equipment to the point at which overhead 
clearancc restricts additional filling. The remaining void space shall be filled 
with flowable fill. 

1 .  
2. Initial Fill Placement: 

Materials: Earthfill, concrete rubble fill, and flowable fill. 

a. Use eaahfill and concrete rubble where overhead clearh-ce will 
allow mechanical placement and spreading appropriate equipment 
sized to the specific area. 
Earthfill and concrete rubble fill shall be spread in maximum 
12-inch Imse lifts. To the extent practical, earthfill and concrete 
rubble Hl shall be placed in alternating layers to allow the 
earWill to be worked into any voids in the concrete rubble fill, so 
as to create a dense, essentially incompressible backfill. - Compact each lift of fill only after uniformly spreading each lift to 
the full thickness specified, Compact each lift with a minimum of 
three complete coverages of the appropriate equipment to remove 
detrimental voids and identify unstable areas. Rework unstable 
areas as necessary to create a dense, essentially incompressible 
fill. 

b. 

c. 

3. Final Fill Placement: 
a. Use flowable fill once overhead clearance will not allow 

mechanical placement and spreading of earthfill or concrete rubble 
fill. 

designated to receive flowable fill, erect bulkheads designed by 

flowable fill. 
Flowble fill shall be placed by pneumatically pumping fill 
through holes or similar access points in the overhead ceilings 
until the remaining volume has been filled. 

b. , In locations where the flowable fill would run into areas not 

. the NSS Project Chief Engineer as necessary to retain the 

c. 

3.6 BACKFILL METHOD B 

A. Backfill by Method €3 is for areas With limited equipment access but where 
overhead clearance is not limited. 

I .  
2. Initial Fil_l,Placement: 

Materials: Any combination of earthfill arid concrete rubble fill. 

a. Earthfill and concrete rubble fill shall be spread in maximum 
12-inch loose lifts. To the extent practical, eaahfill and concrete 
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rubble fill shall be placed in alternating layers to allow the 
earthfill to be worked into any voids in the concrete rubble fill, SQ 

as to create a dense, essentially incompressible backfill. 
Compact each Iift of fill only a f k r  uniformly spreading each lift to 
the full thickness specified. Compact each lift with a minimum of 
three complete coverages of the appropriate equipment to 
removed detrimental voids and identify unstable areas. Rework 
unstable meas as necessary to create a dense, essentially 
incompressible fill. 

b. 

~- 
3.7 BACKFILL METHOD C 

A. Backfill by Method C is for areas with extremely limited or no equipment 
access or areas that require a concrete plug. 

1, 
2, Preparation: 

Materials: Flowable fill or concrete fill. 

a, In locations where the flowable fill would run into areas not 
,designated to receive flowable fill, erect bulkheads designed by 
the FUSS Project Chief Engineer as necessary to retain the 
flowable fill. 

b. In locations designated for concrete fill, erect forms designed by 
the RISS Project Chief Engineer as necessary to retain the 
concrete fill. The width of the forms shall typically be equal to 
the height of the form. 

Final Fill Placement: Flowable f i l l  and concrete fill shall be placed by 
pneumatically pumping fill through holes or similar access points in the 
overhead ceilings until the kea has been filled. 

3. 

3.8 SUPPLEMENT- 

A, Table 02225-1 following “END OF SECTION,” is a part of this 
Specification: 

END OF SECTION 
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